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(http://creativecommons.org/licenses/by-nc-nd/4.0/a b s t r a c tAvailable online 17 June 2015 This paper presents the results of studies of the young growth of main forest-forming coniferous
species in four types of native cedar forest of the Sikhote-Alin nature reserve. The following types of
young growth were measured: Manchurian ﬁr (Abies nephrolepis), Ajan spruce (Picea ajanensis),
Japanese yew (Taxus cuspidata), and Korean pine (Pinus koraiensis). The research was conducted
during 5ﬁeld seasons from2008 to 2012 at 4 permanent study areas. For each species, the common
silvicultural parameters, distribution of height, age of young growth and dynamics of the average
apical growth data for the twenty-year period were identiﬁed and analysed. It was established
that the size and strength of young growth are affected by complex forest site conditions that are
determined by: the composition of the parent canopy, stand age, and position in the landscape.
The growing conditions for young growth conifers are more favourable in mountain cedar forests
compared to cedar forests in a valley. A parent canopy of a speciﬁc phytocenosis forms a unique
microclimate, signiﬁcantly weakening and softening the impact of macro-climate indicators of
the growing area on the value of the apical growth of young growth. Spruce young growth is the
most responsive to changes in climatic parameters and Korean pine young growth is the least
responsive.eral University.
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Microclimate dynamicsThe young growth of trees is a constituting element in the soil-forming process. Growing under the canopy of the main stand,
young growth experiences strong pressure from the surrounding phytocenosis. This has an effect on the growth and development
of young growth, which represents the future of the forest. Therefore, it is necessary to study the dynamics of the formation of
young growth under the canopy to identify the common development patterns of the future of the stand (Kulagin et al., 2007).
Studies of the structure and development of coniferous young growthwere conducted by A.V. Smirnov Smirnov (1956), Zubareva
(1970), Zlobin (1976), Davydychev (2002), Pats (2004), Talantsev and Kulikov (1971), Kulagin et al. (2007), Chernyshev (1967),
Flyagina (1982), Manko and Usoltsev (1999), Ukhvatkina and Omelko (2011) and Omelko et al. (2013). A detailed analysis of the
height–age structure of the young growth of coniferous specieswas carried out byMartyanov (1978). Itwas shown that this approach
to young growth analysis provides not only themost complete picture of the long-term future of the forest but also allows a retrospective
characterization of the forest phytocenosis. Analysis of the height–age structure helps to clarify how the different growing conditions
affect the state of individual species within the forest growth area.
A key indicator of the life activities of a tree is its growth, i.e., the amount of organicmaterial that is deposited yearly in its different
parts. Growth is a complex index that not only synthesizes the results of the functioning of the body of a tree but also accumulates the
impact of the environment on a tree (Smirnov, 1964). One of themain indicators of the growing power of young growth is its accretion inar Eastern Federal University. This is an open access article under the CC BY-NC-ND license
38 S.N. Bondarchuk / Achievements in the Life Sciences 9 (2015) 37–50height because the function of the apicalmeristem is the quickest to respond to changes in site conditions (Bazunova, 1977). To study the
factors that inﬂuence the value of the apical growth of young growth in detail, the effects of a number of biogeocenotic and climatic
factors must be taken into consideration (Smirnov, 1964; Chernyshev, 1967; Chernyshev, 1973; Karmanova, 1970; Kukhta, 2003). This
will reveal patterns in the formation of forests under different conditions for different ecosystems and allow for the prediction of their
further development.
Sikhote-Alin nature reserve has been the site of research since 2007; the main goal of the research at this site is to identify the
correlation between the apical growth of the young growth of the main tree species and the biogeocenotic factors in indigenous
and longstanding forests. The results of studying the apical growth of Mongolian oak young growth under different site conditions
and the impact of some of the biocenotic factors on it (in particular, sympodial apex growth as a result of bites by ungulates) were
published in 2012 (Bondarchuk, 2012a, 2012b). From 2008 to 2012, research on the dynamics of the growth of the apical regrowth
of main forest conifers was conducted in the nature reserve. The objectives included the identiﬁcation of the growth conditions
and general silvicultural parameters of young growth, determination of apical regrowth and identiﬁcation of linear growth trends
depending on biogeocenotic factors. This paper presents some of the results of the study of coniferous species young growth in the
four types of indigenous forests in the Sikhote-Alin nature reserve. The analysis of the silvicultural parameters of young growth in
the study area was carried out, and annual average apical growth for each species for twenty years was determined. The results
obtainedwill be used to identifymain biogeocenotic factors inﬂuencing the growth of young growth and reveal the degree of inﬂuence
of these factors, as well as identify criteria for estimating increments of young growth and forest ecosystems as a whole.
Characteristics of Study Area
The study was conducted on the eastern macroslope of the Middle Sikhote-Alin. The Sikhote-Alin systems are located in an
area of medium and low volcanic-humid mountains with a dominance of volcanic and erosion-alluvial morphostructures over
cryosolic ones (Nikolskaya, 1982). The absolute height of terrain in the area is 200–600 m. The area is mainly composed of
granite, granodiorite–porphyrite, lavas and liparite tuffs, liparite–dacite and dacite (Vetrennikov, 1976). The climate is monsoon
with cold winters and rapid continentalization further from the sea. Climatic heterogeneity is also associated with the varied
altitude and different orientations of the slopes.
According to the scheme of the vertical vegetation distribution in the Sikhote-Alin nature reserve by Kolesnikov (1938), the study
area belongs to a belt of cedar and broadleaved-cedar forests. According to the schemeof the types of cedar forests by Flyagina (1982),
the Sikhote-Alin nature reserve plant communities under study belong to the climate facies of medium cedar forests and have
geomorphological complexes of mountain and lowland forests.
Field Methods
Theworkwas carried out according to themethods developed in conjunctionwith the head of the Laboratory of Biogeography and
Ecology of Paciﬁc Institute of Geography, Far Eastern Branch of Russian Academy of Sciences, Sergei Vladimirovich Osipov.
The following types of conifers were selected for study: Korean pine (Pinus koraiensis), Ajan spruce (Picea ajanensis), Manchurian
ﬁr (Abies nephrolepis), and Japanese yew (Taxus cuspidata).
A permanent study area 50× 50mdimensionswas divided by four proﬁles into ﬁve transects. From opposing sides of the area, the
entire young growth of the selected tree species wasmeasured and described, excluding shoots and individual trees exceeding 2m in
height; 50 pieces from each side of the areaweremeasured anddescribed for one species. The total number ofmeasurements for each
species was 100 pieces.
For each younggrowth specimen, the informationwas entered into a formcontaining a description of the young growthparameters
(height, age, annual growth of apical sprout starting with the last year and ending with the year in which the accretionwas still clearly
visible, evidence of sympodial apex growth, whether it grew in a group or in isolation and years when the specimen reached the herb
and shrub layers), biotic environment parameters (distance to the nearest medium or large young growth specimen, distance to two
nearest trees and their diameters and heights, distance to the nearest tree of the same species and its diameter and height and density
and height of the crown of the tree layer above the young growth specimen), and abiotic environment parameters (slope and surface
exposure and position in nanorelief, nanorelief type and soil stoniness).
The general parameters of the biotic and abiotic environment (silvicultural characteristics and location) for the forest community
were taken from the description of the permanent study area that was written according to the standard procedures when the
permanent study area was formed and was updated with the results of the latest revision.
Statistical processing and analysis of the data was carried out using descriptive statistical methods in Microsoft Excel.
Results and Discussion
Data from 4 permanent study areas (Fig. 1) that were collected within 5 ﬁeld seasons from 2008 to 2012 were processed. The
young growth of 4 conifers was measured: Manchurian ﬁr (200 specimens), Ajan spruce (202 specimens), Japanese yew (101
specimens), and Korean pine (400 specimens). A total of 903 specimens were measured. For each species, the common silvicultural
parameters, growth trends, height and age distributions of young growth and annual average apical growth dynamics for the
twenty-year period were identiﬁed and analysed.
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Permanent Study Area No. 34
Name of association:mountain cedar forest with oak, small grass and dead soil. Geographical location: eastmacroslope of Sikhote-Alin
in themiddle of a steep slope on a low ridge (altitude of 350m above sea level) that separates the valley of two small streams, Sukhoy
and Zimoveyniy, and the right tributaries of Serebryanka River. Relief: southeast exposure of the slope, slope angle of 35°, rather ﬂat
surface, but there are slides and microelevations because of a loss of windfall trees. Soil: humic-illuvial weakly podzolic brown soil.
Forest stand: main canopy consists of cedar and oak that are 24–28 m high. Secondary canopy is less clearly expressed and consists
of 15 to 20mhigh cedar and oak. The average diameter of dominating species is 32.2 cm, and the average height is 21.2m; he average
age is 200 years. Volume—349.94 m3/ha; density—0.7; bonitet—III. Composition formula from the number of trees: 5 Korean pine,
5 Mongolian oak, isolated Ajan spruce, Amur linden, Asian white birch, painted maple—the 1st sub-layer; 8 Korean pine, 1
Mongolian oak, 1(Amur linden + painted maple + Asian white birch) + Manchurian ﬁr, isolated Ajan spruce, mountain elm—the
2nd sub-layer. Young growth: cedar young growth is represented by three height–age categories, block planting in canopy windows.
Oak young growth ismostly small, not higher than 25 cm, half of which is of vegetative origin formed in circles around the tree trunks.
The young growth of other species is small, both in number and in height. Quantity (thousand pcs./ha): Korean pine—6.21;Mongolian
oak—0.5; Ajan spruce—0.1; Manchurian ﬁr—0.14; Dahurian larch—0.02; painted maple—0.2; Ukurundu maple—0.08; Amur linden—Fig. 1. Layout of the permanent study areas in the Sikhote-Alin nature reserve.
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Manchurian hazel, mock orange and euonymus. Grass cover: very sparse, does not form a closed canopy, typically includes sedges
of xeromorphous type.
Permanent Study Area No. 36
Name of the association: valley cedar forest with linden. Geographical location: east macroslope of Sikhote-Alin, the second terrace
above ﬂoodplain on the right bank of the Serebryanka River (altitude of 200 m above sea level) in the middle reach, between the
Sukhoy and Zimoveyniy streams. Relief: heterogeneous, hummocky and gullied. Soil: brown and soddy soil on loamy sabulous
talus. Forest stand: multi-species, multi-layered. 4 sub-layers are singled out. Volume: 264.3m3/ha. The average diameters of prevailing
species of cedar, ﬁr and linden are 20.1 cm, 21.2 cm and 10.8 cm, respectively. The largest reserves are in cedar—166.2 m3/ha. The
average age of the stand is 200 years; density—0.7; bonitet—II. Composition formula by the number of trees: 5 Korean pine,
3 Manchurian ash, 2 Maximovich poplar, isolated Asian white birch—the 1st sub-layer; 4 Amur linden, 2 Korean pine, 2 Manchurian
ash, 1Maximovich poplar, 1 Asianwhite birch+ Manchurianﬁr—the 2nd sub-layer; 3Manchurianﬁr, 2 Korean pine, 2 Amur linden, 2
paintedmaple, 1Manchurian ash+Asianwhite birch, Japanese elm,Manchurian stripedmaple, isolated Ajan spruce, Koyama spruce,
Maximovich poplar—the 3rd sub-layer; 4Manchurianﬁr, 3 Korean pine, 1 paintedmaple, 1 Ukurundumaple, 1 (Amur linden+ Man-
churian striped maple) + Ajan spruce, Maximovich cherry, isolated Japanese elm—the 4th sub-layer. Young growth: presented by all
height categories, both softwood and hardwood; the most abundant are Manchurian striped maple (2.13 thousand pcs./ha), Korean
pine (0.34 thousand pcs./ha), Manchurian ﬁr (0.28 thousand pcs./ha), Maximovich cherry (0, 26 thousand pcs./ha), and Ukurundu
maple (0.22 thousand pcs./ha). The least abundant are Ajan spruce, yellow birch, Mongolian oak, and Japanese elm.Undergrowth:
diverse, sometimes ample, includes 8 species of shrubs and 2 species of woody vines. Grass cover: high diversity, represented by 53
species. Among these, 9 species of ferns, 5 species of sedges, tall grasses, spring ephemeras and ephemeroids. In the 1930s, the future
permanent study area was the site of selective logging.
Permanent Study Area No. 5-75
Name of the association: cedar forest with linden, yellow birch and Ajan spruce, mock orange and actinidia, with green moss, fern, and
small grass. Geographical location: East macroslope of Sikhote-Alin, midstream basin of the Tayozhnaya River, the top of a low-angle
watershed between the Krivoy and Bezimyanniy streams (height of 510 m above sea level). Relief: the surface is ﬂat with a slight
slope to the north. Soil: rocky soil with small amounts of skeletons, scarce rocks on the surface. Forest stand: overripe and complex
in structure. The highest density and largest growing stock are concentrated in the ﬁrst sub-layer, which is composed primarily of
Korean pine with a small admixture of yellow birch. Korean cedar dominates in the second sub-layer as well, but up to two units of
the number of trunks are hardwoods: Amur linden and yellow birch. The third sub-layer is themost diverse in composition, consisting
of 12 tree species, including Japanese yew. The average diameter of the dominant species is 44.6 cm and the average height is 26.3 m;
the average age is 300 years. Volume is 428.5 m3/ha; density—1; bonitet—III. Composition formula from the number of trees: 10
Korean pine + yellow birch, isolated Amur linden—the 1st sub-layer; 6 Korean pine, 2 Manchurian ﬁr, 1 Amur linden, 1 yellow
birch + Ajan spruce, Maximovich cherry, Ukurundu maple, isolated Mongolian oak, aspen, Manchurian striped maple, painted
maple—the 2nd sub-layer; 4 Manchurian ﬁr, 2 Ajan spruce, 2 Ukurundu maple, 1 Amur linden, 1 yellow birch + Korean pine,
Maximovich cherry, isolated Mongolian oak, Japanese yew, painted maple, Manchurian striped maple—the 3rd sub-layer. Young
growth: signiﬁcant proportion of Korean pine up to 50 cm tall (13.7 thousand specimens/ha). Manchurian ﬁr (1.56 thousand
specimens/ha), Ajan spruce (0.80 thousand specimens/ha), and Amur linden (2.11 thousand specimens/ha) all have young
growth of different heights. There are small numbers of young growth of Mongolian oak (0.02 thousand specimens/ha),
Japanese yew (0.05 thousand specimens/ha) and yellow birch (0.09 thousand specimens/ha) growing on forest fall with seed origins.
Undergrowth: not abundant in this forest, but rather varied. It consists of 15 shrubs and vines. Among the latter, Actinidia kolomikta is
abundant. Typical species: ﬁne-leaved mock orange, Manchurian hazel, euonymus. Rare species include Korean abelia and daphne.
The canopy density of the undergrowth is up to 0.3 and is uneven. Grass cover: up to 70% of the area. The bulk of grass stand is
25 cm tall. The grass is composed of 54 species, and the most frequent are ferns, Taiga small grass and small shrubs.
Permanent Study Area No. F-5
Name of the association: spruce and cedar forest with yew, fern and mixed herbs. Geographical location: East macroslope of
Sikhote-Alin, the Dzhigitovka River basin, left bank of the lower reach of Kabaniy stream, lower third of the western exposure
slope extending into in the terrace above ﬂood-plain (height of 220 m above sea level). Relief: heterogeneous, uneven, with pits
and microelevations because of a loss of windfall trees. Soil: rocky, loamy, shallow. Forest stand: overripe and complex in structure.
Main canopy is dominated by cedar, Ajan spruce, ﬁr and yellow birch; in the secondary canopy, the cedar share is reduced to isolatedTable 1
General parameters of Manchurian ﬁr young growth in two permanent study areas (PSA).
Parameter PSA No. F-5 PSA No. 5-75
Quantity, thousand pcs./ha 0.26 1.56
Average height, mm 479.4 623.95
Average age, years 14.2 18.8
Average yearly apical growth, mm 32.5 33.1
Fig. 2. Distribution of the height of Manchurian ﬁr young growth in two permanent study areas (PSA No. 5-75 and PSA No. F-5).
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diameter of dominant species is 30.1 cmand the averageheight is 14.4m; the average age is 300 years. Volume—369m3/ha, density—0.9.
Composition formula by the number of trees: 4 Ajan spruce, 3 Manchurian ﬁr, 1 Korean pine, 1 Manchurian stripedmaple, 1 (yellow
birch+ Ukurundumaple) + Japanese yew, Maximovich cherry, isolated Amur mountain ash. Young growth: young growth consists
of (thousand specimens/ha): Korean pine—0.144; Manchurian ﬁr—0.26; Ajan spruce—0.144; Japanese yew—0.016; yellow birch—
0.596; Amur linden—0.02; Ukurundumaple—0.512;Manchurian stripedmaple—0.568;Maksimovich cherry—0.032; Amurmountain
ash—0.004. Young growth is located in groups on fallen deadwood and forest fall. Evenly distributed across the area are rare large sin-
gle specimens of oppressed young growth of Manchurian ﬁr. Yellow birch and Ajan spruce grow abundantly on fallen trees, but only
select specimens grow to average height. The young growth of yew usually only reaches a height of 0.5 m. The young growth of yel-
low and Manchurian striped maples of coppice origin are abundant in circles around parent tree trunks. Undergrowth: quite di-
verse in species. The dominant species are euonymuses, Maksimovich currant, with coralline honeysuckle and Maksimovich
honeysuckle, Korean abelia, spirea, spiny eleuterococus. Non-layered vegetation is abundantly represented by kolomikta
actinidia (2.28 thousand species/ha). Grass cover: up to 98% of the area. The bulk of the grass stand is 25–30 cm tall. The dom-
inant species is fern Leptorumohra amurensis (90%).
Young Growth of Manchurian Fir
The young growth of Manchurian ﬁr was measured in two types of cedar forests in permanent study areas No. 5-75 and No. F-5.
Table 1 shows general silvicultural parameters of ﬁr young growth and average yearly apical growth.
As shown in Table 1, from the natural regeneration scale presented by Nesterov (1948), regeneration of ﬁr in the valley of the
spruce-cedar forest (PSA No. F-5) is poor because the quantity of 14-year old ﬁrs is less than one-thousand pieces per hectare. In
the mountain cedar forest (PSA No. 5-75), regeneration is satisfactory, with an average age of 19; the quantity of young growth is
almost 1500 pieces per hectare.
The average yearly apical growth at both study areas is almost the same, approx. 33 mm per year.
The distribution of the height of Manchurian ﬁr young growth in two types of cedar forests is shown in Fig. 2.
Small-sized ﬁr young growth dominates in both permanent study areas, which corresponds to the balance of different generations
of young growth under the canopy in undisturbed forest ecosystems. The quantity of medium and large young growth is almost three
times lower; however, in the mountain cedar forest (PSA No. 5-75), its quantity is higher than in the valley, which suggests more
favourable site conditions for the young growth of this height and also suggests the strength of the young growth of this height.
The distribution of the age of Manchurian ﬁr young growth in two types of cedar forests is shown in Fig. 3.Fig. 3. Distribution of age of Manchurian ﬁr young growth in two permanent study areas (PSA No. 5-75 and PSA No. F-5).
Fig. 4. Correlation between the height and age of Manchurian ﬁr young growth in PSA No. 5-75.
Fig. 5. Correlation between the height and age of Manchurian ﬁr young growth in PSA No. F-5.
Fig. 6. Dynamics of the average yearly apical growth of Manchurian ﬁr in two permanent study areas from 1992 to 2011.
Table 2
General parameters of Ajan spruce young growth in two permanent study areas.
Parameter PSA No. F-5 PSA No. 5-75
Quantity, thousand pcs./ha 0.144 0.80
Average height, mm 327.1 795.6
Average age, years 12.5 22.3
Average yearly apical growth, mm 26.2 35.7
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Fig. 7. Distribution of the height of Ajan spruce young growth in two permanent study areas (PSA No. 5-75 and PSA No. F-5).
Fig. 8. Distribution of the age of Ajan spruce young growth in two permanent study areas (PSA No. 5-75 and PSA No. F-5).
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compared to a mountain cedar forest. The bulk of young trees are 7–10 years old. In the mountain cedar forest, young growth aged
14–18 dominates, indicating a more advanced stage of formation.
Important conclusions can be drawn by comparing the patterns of correlation between the height of the young growth and age of
the young growth in different ecological conditions. Fig. 4 shows the correlation between the height and age of ﬁr young growth in a
mountain cedar forest (PSA No. 5-75).
Fig. 5 shows the correlation between the height and age of ﬁr young growth in a valley spruce and cedar forest (PSA No. F-5).
With signiﬁcant deviations at different locations, a rather strong exponential bond is observed (R2 = 0.7). After 35–40 years, the
growth is signiﬁcantly reduced. The weak correlation between height and age in this period may indicate a substantial diversity of
conditions under the canopy. Although some individuals live up to 60 years in these conditions, they are barely “surviving” in anticipation
of the time when, perhaps, older generation trees will begin to fall and they will be able to replace them.Fig. 9. Correlation between the height and age of Ajan spruce young growth in PSA No. 5-75.
Fig. 10. Correlation between the height and age of Ajan spruce young growth in PSA No. F-5.
Fig. 11. Dynamics of the average yearly apical growth of Ajan spruce in two permanent study areas from 1992 to 2011.
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two permanent study areas is shown in Fig. 6.
Apical growth in a mountain cedar forest (PSA No. 5-75) from the study period to 2008 is quite stable without signiﬁcant trends.
The accretion value is in the interval of 25 to 35 mm. Increased apical growth has been observed since 2009. By 2011, it reached the
value of 50.2 mm, with a long-term average of 33.1 mm. In valley conditions (PSA No. F-5), a gradual decline in the average value of
apical growth was observed from 1996 until 2006, with minimum accretion constituting 24.6 mm and a long-term average of
32.5 mm. After 2006, a smooth increase of apical growth values was observed again.
Young Growth of Ajan Spruce
Ajan spruce was measured in two types of cedar forests in PSA No. 5-75 and PSA No. F-5. The general silvicultural parameters of
spruce young growth and average yearly apical growth data are presented in Table 2.
Regeneration of spruce in the valley spruce and cedar forest (PSA No. F-5) is poor; according to the natural regeneration scale by
Nesterov (1948), the quantity of trees aged 12.5 years on average is less than 0.5 thousand pieces per hectare. In themountain cedar
forest (PSA No. 5-75), regeneration is weak; with an average age of 22, the quantity of young growth is 800 pieces per hectare.Table 3
General parameters of Japanese yew young growth in two permanent study areas.
Parameter PSA No. F-5 PSA No. 5-75
Quantity, thousand pcs./ha 0.016 0.05
Average height, mm 201.2 227.7
Average age, years 7.6 8.2
Average yearly apical growth, mm 26.6 27.6
Fig. 12. Distribution of the height of Japanese yew young growth in two permanent study areas (PSA No. 5-75 and PSA No. F-5).
Fig. 13. Distribution of the age of Japanese yew young growth in two permanent study areas (PSA No. 5-75 and PSA No. F-5).
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mountain forest. This indicates that trees of different ages prevail in each forest type under study and that growth conditions vary.
The distribution of the height of the Ajan spruce young growth in two types of cedar forests is shown in Fig. 7. As shown, with a
canopy density of 70%, young growth of all heights is present in the mountain cedar forest. Young growth up to 1 m tall is the most
plentiful, but both small and large young growth is present, which suggests its strength. It is different in the valley forest. Young
growth taller than 1m is totally absent here. Thismay be the result of a rather dense crown cover of the upper layer, which constitutes
approximately 90%, as well as a thick grass layer formed by the fern L. amurensis. Biologically, Ajan spruce is a shade tolerant species,
but it is inferior in this respect to ﬁr and yew. Apparently, the lack of solar radiation has a detrimental effect on young plants that are
also suffering from late spring frosts that are common in the area. Therefore, at the sprouting stage and in the ﬁrst few years of life,Fig. 14. Correlation between the height and age of Japanese yew young growth in PSA No. 5-75.
Fig. 15. Correlation between the height and age of Japanese yew young growth in PSA No. F-5.
Fig. 16. Dynamics of the average yearly apical growth of Japanese yew young growth in two permanent study areas from 1992 to 2011.
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balanced ratio of different generations of spruce can be restored only when the upper tree layer starts to decay.
The distribution of the age of Ajan spruce young growth in two types of cedar forests is shown in Fig. 8.
According to the graph of the age distribution of spruce in the valley cedar forest (PSA No. F-5), younger aged trees dominate
compared to a mountain cedar forest. The bulk of young trees are 7–17 years old. In the mountain cedar forest, more mature
young growth aged 14–30 years old dominates. Additionally, there is a signiﬁcant amount of slow-growing young growth of
30 years and older that cannot reach the upper layers because of strong oppression by the parent canopy.
Fig. 9 shows the correlation between the height and age of spruce young growth in a mountain cedar forest (PSA No. 5-75).
Fig. 10 shows the correlation between the height and age of spruce young growth in a valley spruce and cedar forest (PSA No. F-5).
With signiﬁcant deviations at different locations, a rather strong exponential bond is observed similar to the Manchurian ﬁr:
R2 = 0.5 at PSA No. 5-75 and R2 = 0.7 at PSA No. F-5.
The dynamics of the average yearly apical growth of Ajan spruce young growth over a 20-year period in two permanent study
areas is shown in Fig. 11. As shown in the graph, apical growth during the study period from1992 to 2008 is quite stable. The accretion
value is in the interval from 25–35mm in themountain cedar forest and 20–30mm in the valley forest. Over the two years after 2009,Table 4
General parameters of Korean pine young growth in 4 permanent study areas.
Parameter PSA No. F5 PSA No. 5-75 PSA No. 34 PSA No. 36
Quantity, thousand pcs./ha 0.144 3.17 0.34 6.2
Average height, mm 346.5 445.0 737 548
Average age, years 9.8 17.5 16.7 16.1
Average yearly apical growth, mm 35.5 25.0 44.8 33.3
Fig. 17. Distribution of the height of Korean pine young growth in four permanent study areas.
Fig. 18. Distribution of the age of Korean pine young growth in four permanent study areas.
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climate changes in the general area.Young Growth of Japanese Yew
Japanese yewwas measured in two types of cedar forests in PSA No. 5-75 and PSA No. F5. The general silvicultural parameters of
yew young growth and the average yearly apical growth data are presented in Table 3.
It is well known that Japanese yewdoes not form independent forest stands and grows singly or in groups of different aged trees in
mixed coniferous and hardwood forests. Therefore, full regeneration of yew is not possible. The quantity of yew young growth is three
times higher in themountain cedar forest than in the valley forest, with 50 and 16 specimens per hectare, respectively. The height of
the young growth, its age and the average long-term apical growth are about the same, as shown in Table 3.
The distribution of height of Japanese yew young growth in two types of cedar forests is shown in Fig. 12.Fig. 19. Correlation between the height and age of Korean pine young growth in PSA No. 36.
Fig. 20. Correlation between the height and age of Korean pine young growth in PSA No. 34.
48 S.N. Bondarchuk / Achievements in the Life Sciences 9 (2015) 37–50It is worthwhile to note that in both study areas there is almost no medium or large yew young growth; this lack of medium and
large young growth is typical for yew because it is heavily damaged by ungulate animals at a young age.
The distribution of the age of Japanese yew young growth in two types of cedar forests is shown in Fig. 13.
Yew young growth is about the same age in both study areas. Plants aged 4–10 years old are the greatest in numbers. Only several
specimens in the mountain cedar forest were aged more than 20 or 30 years. No young growth specimens over 20 years old were
found in the valley forest.
Fig. 14 shows the correlation between the height and age of yew young growth in the mountain cedar and linden forest.
Fig. 15 shows the correlation between the height and age of yew young growth in the valley spruce and cedar forest.
A strong exponential correlation between the age and height of Japanese yew is observed in both study areas: R2= 0.8 at PSA No.
5-75 and R2 = 0.5 at PSA No. F-5.
The dynamics of the average yearly apical growth of Japanese yew young growth over a 20-year period in two permanent study
areas is shown in Fig. 16. Until 2000, the growth conditions at the study areas test plots were the opposite. This wasmainly a result of
the microclimate parameters of speciﬁc phytocenoses. At PSA No. 5-75, the accretion of young growth signiﬁcantly exceeded that at
PSA No. F-5, constituting 30–40 mm and 20–30 mm, respectively. Since 2001, the value of apical growth in both areas has stabilized,
remaining in the range of ~20–30 mm.
Young Growth of Korean Pine
Korean pine young growthwasmeasured in four types of cedar forests in PSANo. 5-75, PSANo. F5, PSANo. 34, and PSANo. 36. The
general silvicultural parameters of pine young growth and average yearly apical growth data are presented in Table 4.
From the natural regeneration scale that was presented by Nesterov (1948), good regeneration is observed in two types of cedar
forests (PSA No. 5-75 and PSA No. 36). More than 3 thousand specimens per hectare of pine young growth were found here. Poor
regeneration was observed in the valley spruce and cedar forest (PSA No. F-5) and in mountain cedar and oak forest (PSA No. 34).
In the latter forest, the quantity of Korean pine was less than 500 pieces per hectare. The largest value of average yearly apical growth
is in the mountain cedar and oak forest in PSA No. 34, constituting 44.8 mm. The smallest value of apical growth, 25 mm, is in the
mountain cedar and linden forest in PSA No. 5075.
The distribution of the height of Korean pine young growth in four types of cedar forests is shown in Fig. 17.Fig. 21. Correlation between the height and age of Korean pine young growth in PSA No. 5-75.
Fig. 22. Correlation between the height and age of Korean pine young growth in PSA No. F-5.
49S.N. Bondarchuk / Achievements in the Life Sciences 9 (2015) 37–50In all of the cedar forests under study, the Korean pine young growth is distributed evenly height-wise. Young growth up to 50 cm
tall is the most plentiful, which is normal for indigenous forest types. The remaining height categories are presented in descending
order. In PSA No. 5-75, in the mountain cedar and linden forest, young growth taller than a metre and a half is completely absent,
and in PSANo. 36, in the valley cedar and linden forest, the quantity of this young growth is higher than in other areas, which indicates
its strength.
The distribution of age of Korean pine young growth in four types of cedar forests is shown in Fig. 18.
The age distribution of pine indicates that certain age categories dominate in each type of cedar forest, but the bulk of young
growth in all of the study areas, approximately 62%, is in the range of 7 to 17 years. Young growth that is 9–18 years old dominates
in the valley cedar and linden forest (PSA No. 36). There is also a sufﬁcient amount (14%) of slow-growing young growth aged
25–40 years old that did not rise to the upper canopy because of strong suppression. A similar group of slow-growing specimens
aged from 35 to 50was found in themountain cedar and oak forest (PSA No. 34), constituting approximately 12% of the total amount.
The largest amount of young growth (71%) was observed in the valley ﬁr and cedar forest (PSA No. F-5). Young growth aged from 10
to 25 years old dominates in the mountain cedar and linden forest (75%).
The graphs (Figs. 19–21) reveal the patterns of connection between the height and age of Korean pine young growth in the forest
types under study. Clear exponential dependence of R2 = 0.8 is observed in areas where young growth is represented by all age and
height categories (Figs. 19, 20, and 21). The dependence is linear (R2 = 0.8) in the spruce and cedar forest (Fig. 22) where the young
growth is mainly of a younger age.
The dynamics of the average yearly apical growth of Korean pine young growth over a 20-year period is shown in Fig. 23.
The value of the apical growth of pine young growth remains stable over time in indigenous phytocenoses (PSA No. 34, No. 5-75,
No. F-5), with a range of 20 to 45 mm.
The situation is different in partially disturbed forest stands. In phytocenoseswhere selective logging once took place (PSANo. 36),
the value of apical growth is falling, possibly as a result of the gradual closing of the upper layer crowns because young pine specimens
require signiﬁcantly more light for growth compared to other conifers. The maximum growth, 67.7 mm, was recorded in 1995; the
minimum growth, 33.9 mm, was recorded in 2012. The average increment egression of young growth in the given period is
1.5 mm per year.Fig. 23. Dynamics of the average yearly apical growth of Korean pine young growth in four permanent study areas from 1992 to 2012.
50 S.N. Bondarchuk / Achievements in the Life Sciences 9 (2015) 37–50In 2009, the accretion of pine increased only in one study area (PSA No. F-5), up to 44.9 mm, with an average of 35.5 mm, and no
signiﬁcant increase in apical growthwas observed in other types of studied phytocenosises. Thismakes it possible to state that smooth
micro-climatic conditions formed by the parent canopy are more important for pine young growth than themacroclimate conditions
of the area.
Conclusion
The structure of the parent canopy, age of the forest stand and its position in the landscape deﬁne the unique set of site conditions
that affect the abundance and strength of young growth, in addition to the intensity of the apical growth of the young growth in the
studied types of indigenous forests.
Growing conditions for coniferous young growth are more favourable in geomorphological complexes of mountain cedar forests
than in valley cedar forests.
The parent canopy of a particular ecological community creates its uniquemicroclimate, noticeablyweakening and smoothing the
impact of themacroclimate indicators of the growing area on the value of the apical growth of the conifer young growth under study.
Spruce young growth is most responsive to changes in climatic parameters, while Korean pine young growth is the least responsive.
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